Simultaneous Subtraction of
MWD and SRME

NZ 3D Processing

ar
03 February 2021 AN : I
‘w'“ INSTITUTE FOR GEOPHYSICS CGG

cgg.com Passion for Geoscience



= Processing flow

Convert to CGG internal format
Nav merge / trace edit
Low cut filter
Time Variant Scaling (TVS) & Resample to 4ms
Swell noise attenuation (SNA)
Debubble
Linear noise attenuation (LNA)
Tidal statics correction
. Water column statics correction
10. Shot & channel scaling
11.Receiver motion correction (RMC)
12.Joint Deghost & Designature
13.Residual Bubble Removal
14.Source Sensor Datum Correction
15.Shallow Water Demultiple
16.Surface Related Multiple Elimination (3D SRME)
17.Simultaneous Subtraction of MWD & SRME
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= Outline
=  Objective:
To remove free surface related multiple.

=  Procedure:
Subtract MWD & SRME models from input seismic to achieve multiple free seismic data.

= Display:

Sailline 018, 039
Display: Stack, common channel and shot gathers.(Input; SRME Subtraction; SRME & MWD
Subtraction; Difference from input; SRME & MWD Model)

= Observation and Recommendation:

Simultaneous subtraction with both MWD & SRME models shows benefit in multiple removal and
primary protection. It's recommended to apply for production.
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=== TQSt |_INe Location

Seq 039

Seq 018
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Seq 039

Stack
Common Channel
Shot Gathers

Lcce



Stack before Subtraction

LINLSLG 390 | CROSSLING
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Stack after SRME Subtraction

LINLSLG 90 | CROSSLING
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Stack after SRME & MWD Subtraction

LINLSLG 90 | CROSSLING
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Zoom In Stack before Subtraction

LINESEQ 39 / CROSSLINE

5464 5641 5818 5995 3 6703 6880 21 7588 7765 8827 9004, 9181 9358 9535 5712 9889

Primaries are protected by
simultaneous subtraction
flow.




Zoom In Stack after SRME Subtraction

LINESEQ 39 / CROSSLINE

5464 5641 5618 5995 6172 6349 6526 6703 6880 7057 7234 7411 7588 7765 7942 8119 8296 8473 8650 8827 5004, 9181 9358 9535 9712 9889

Primaries are protected by
simultaneous subtraction
flow.

© 2020 CGG




Zoom In Stack after SRME & MWD Subtraction

LINESEQ 39 / CROSSLINE

5464 5641 5618 5995 6172 6349 6526 6703 6880 7057 7234 7411 7588 7765 7942 8119 8296 8473 8650 8827 5004, 9181 9358 9535 9712 9889

Primaries are protected by
simultaneous subtraction
flow.




Difference before — after SRME Subtraction

LINESEQ 39 / CROSSLINE

5464 5641 5818 5995 6703 6880 £ 7588 7765 7942 8119 9358 9535 5712

\
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Difference before — after SRME & MWD Subtraction

LINESEQ 39 / CROSSLINE

5464 5641 5818 5995 6703 6880 21 7588 7765 7942 8119 9358 9535 5712
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Zoom In Stack — SRME Model

LINESEQ 39 | CROSSLINE

5464 5641 5818 5995 6703 6880 £ 7588 7765 7942 8119 9358 9535 5712
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Zoom In Stack — MWD Model

LINESEQ 39 | CROSSLINE

5464 5641 5818 5995 6703 6880 £ 7588 7765 7942 8119 9358 9535 5712
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. Zoom In Stack before Subtraction

LINESEQ 39 / CROSSLINE

5287 5464 5641 s818 5955 6172 6348 2 7057 7234 7411 7588 7768 7942 s 0 a181 5358 9538 sm12
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= Multiples are better
attenuated with
simultaneous subtraction.
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Zoom In Stack after SRME Subtraction

LINESEQ 39 / CROSSLINE

5287 5464 5641 s818 saas 6172 6348 652 6703 6880 7057 4 2 s 2 6 a0 a181 5358 9538 am12

= Multiples are better
attenuated with
simultaneous subtraction.
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Zoom In Stack after SRME & MWD Subtraction

LINESEQ 39 / CROSSLINE
5287 5464 5641 5818 5995 6526 6703 6880 7087 7234 7411 7588 7765 7942 8119 8296 8473 8650 8827 9181 9358 9535 9712
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= Multiples are better
attenuated with
simultaneous subtraction.
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Difference before — after SRME Subtraction

LINESEQ 39 / CROSSLINE

5287 5464 5641 5818 6703 6880 7588 7765 7942 9358 9535
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Difference before — after SRME & MWD Subtraction

LINESEQ 39 / CROSSLINE
5287 5464 5641 5818 5995 6703 6880 7087 7234 7411 7942 9358 9535
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Zoom In Stack — SRME Model

LINESEQ 39 / CROSSLINE

5287 5464 5641 sa18 6880 7588 7768 7942 8827 004 s181 358 9538
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Zoom In Stack — MWD Model

LINESEQ 39 / CROSSLINE
5287 5464 5641 5818 5995 6880 7588 7765 7942 8119 9358 9535
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Seq 039

Stack
Common Channel
Shot Gathers

Lcce



Common Channel before Subtraction

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

2% a6 28 20 WM XM 196 1M 10 1R TS 16 168 160 12 1K M JE 100 2% s 2 20 Wm A% 16 19 10 1R UM 136 168 160 192 1M M5

Channel 10 : Channel 100

© 2020 CGG




Common Channel after SRME Subtraction 25

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

2% 6 2w 20 0m WX 196 198 10 R UM 136 168 1640 192 1% MS e M0 12 LM 156 26 a2 2N Wm NM 196 1M 10 1 UM 16 188 1640 192 1M M5 LM 156 LS ue 2 18

Channel 10 -~ il Channel 100
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Common Channel after SRME & MWD Subtraction 26

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

2% 6 2w 20 0m WX 196 198 10 R UM 136 168 1640 192 1% MS e M0 12 LM 156 28 a6 2 20 0m WM 196 1M 10 1R UM 136 168 140 12 1M M5 LM 156 L8 Ue L2 18

Channel 10 : il Channel 100
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Difference before - after SRME Subtraction 27

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

2% a6 2w 20 WM AN 16 1M 1N BN UM U6 1 160 1592 W00 12 1M 136 108 U0 12 1 2% a6 2 20 Wm AM 16 1M 180 MR UM 1% 168 160 12 1M M5 - T I )

Channel 10 Channel 100
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Difference before - after SRME & MWD Subtraction 28

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

2% a6 2 20 Wm AX 196 1M 1M BN UM U6 18 W0 1 O . 2% s 2w 20 WM WM 16 198 10 WR UM 1% 168 160 12 1M M5 e uz 1

Channel 10 il Channel 100
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Common Channel SRME Model 29

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

I I - I L e T L I L I s e u2 1 I I - L I L e I I LM 156 L8 ue 2 18

Channel 10 il Channel 100

© 2020 CGG




Common Channel MWD Model 30

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

I L= 1R UM U6 188 160 152 I M6 M 1400 us e U2 1 I I - L I e I I A e e U2 1

Channel 10 Channel 100
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Common Channel before Subtraction 31

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

2w e A A% AW WM e s M s B 1 UM uR uwW 2w ne A N% AW WM 2N W2 M IS8 1 LM L uw

Channel10
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Common Channel after SRME Subtraction 32

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

2w e A A% AW 2m o u% W2 Mo I8 1 LM LR uw m ne 2 A% AM W U M s M 12 M0 IS8 15 LM LR U

© 2020 CGG




Common Channel after SRME & MWD Subtraction

CABTR10 | NAVSHOT CABTR 100 /NAVSHOT

2 ne A A% A W U M us W2 MO 1B 1 LM LR uw m ne 2 A% AM W U M s 18 I15% MK M2 MO0 IS8 16 UM
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Difference before - after SRME Subtraction

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

2m ne A A% AM e U W s M0 158 16 LM LR uw 20 2w A% A4 wm e s 1M W2 M0 1me 1 LM

Channel 10 . T Channel 100
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Difference before - after SRME & MWD Subtraction 35

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

2w ne am A% A e s 16 W2 M0 1B 1 UM LR uw o ne as Uk 16 W2 MO IB8 1§ LM LR uw

Channel 10
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Common Channel SRME Model 36

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

o ue am wx wm M 1w B 16 wM o un uw 2w ne am A% A e U M wsn W2 M IS8 1§ LM LR uw

Channel 10
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Common Channel MWD Model

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

2 ne am A% A e s M s W2 MO IS8 1 LM LR uw 2w ne 2w A% A e s 16 W2 MO IS8 16 LM LR uw

Channel 100
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Seq 039

Stack
Common Channel
Shot Gathers

Lcce



: Selected Shots before Subtraction

NAVSHOT [ CABTR

1330 165
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Simultaneous
subtraction flow with
MWD & SRME shows
benefits in surface
related multiples
removal and primaries
protection.

Far offset dipping
residual will be further
removed by “Radon”
and residual LNA
(Linear noise
attenuation).




Selected Shots after SRME Subtraction

NAVSHOT / CABTR

1370 o 177 269 61 A3

Simultaneous
subtraction flow with
MWD & SRME shows
benefits in surface
related multiples
removal and primaries
protection.

Far offset dipping
residual will be further
removed by “Radon”
and residual LNA
(Linear noise
attenuation).
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Selected Shots after SRME & MWD Subtraction

NAVSHOT / CABTR

1370 o 177 269 61 A3 169 261 sz 44030 5 161 253 345 457730 o

Simultaneous
subtraction flow with
MWD & SRME shows
benefits in surface
related multiples
removal and primaries
protection.

Far offset dipping
residual will be further
removed by “Radon”
and residual LNA
(Linear noise
attenuation).
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Difference before - after SRME Subtraction

1370 e 177 269 61 A3 169 261 sz 42030 5 161 253 345 437730 o

* = Simultaneous
subtraction flow with
MWD & SRME shows
benefits in surface
related multiples
removal and primaries
protection.
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Difference before - after SRME & MWD Subtraction

1370 e 177 269 61 A3 169 261 sz 42030 5 161 253 345 437730 o 153 245 =57 Af30

* = Simultaneous
“  subtraction flow with

MWD & SRME shows
benefits in surface
related multiples
removal and primaries
protection.
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Selected Shots SRME Model

1370 e 177 269 61 A3

* = Simultaneous
“  subtraction flow with

MWD & SRME shows
benefits in surface
related multiples
removal and primaries
protection.
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Selected Shots MWD Model

NAVSHOT [ CABTR

1370 o 177 269 61 A3

Simultaneous
subtraction flow with
MWD & SRME shows
benefits in surface
related multiples
removal and primaries
protection.
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Seq 018

Stack
Common Channel
Shot Gathers

Lcce



——= Stack before Subtraction

LINLSLG 18 [ CHOSSLING
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Stack after SRME Subtraction

LINLSLG 18 [ CHOSSLING
3
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Stack after SRME & MWD Subtraction

LINLSLG 18 [ CHOSSLING
3
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Zoom In Stack before Subtraction

LINESEQ 18 / CROSSLINE

5098 5315 5534 5753 8191 8410 8629 7286 7505 7724 7943 8182 8381 8600 8819 5038 2257 2476 9695 8914 10133

Multiples are better
attenuated with
simultaneous subtraction.

Primaries are protected by
simultaneous subtraction
flow.

; ‘ i, e
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Zoom In Stack after SRME Subtraction

LINESEQ 18 / CROSSLINE

5098 5315 5534 5753 5972 8191 8410 8629 5848 7087 7286 7505 7724 7943 8182 8381 8600 8819 5038 2257 2476 9695 9914 10133

= Multiples are better
attenuated with
simultaneous subtraction.

Primaries are protected by
simultaneous subtraction
flow.




Zoom In Stack after SRME & MWD Subtraction

LINESEQ 18 / CROSSLINE

5098 5315 5534 5753 5972 8191 8410 8629 5848 7087 7286 7505 7724 7943 8182 8381 8600 8815 5038 2257 2476 9695 9914 10133

= Multiples are better
attenuated with
simultaneous subtraction.

Primaries are protected by
simultaneous subtraction
flow.

0 CGG




Difference before — after SRME Subtraction

LINESEQ 18 / CROSSLINE

5095 5315 5534 5972 7286 7505 7724 7943 8162 8381 8600 8819 9038 9257 9476 9695 9914 10133
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Difference before — after SRME & MWD Subtraction

LINESEQ 18 / CROSSLINE

5095 5315 5534 5972 7286 7505 7724 7943 8162 8381 8600 8819 9038 9257 9476 9695, 9914 10133
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Zoom In Stack — SRME Model

LINESEQ 18 [ CROSSLINE

5098 5315 5534
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Zoom In Stack — MWD Model

LINESEQ 18 / CROSSLINE

5095 5315 5534 5972 7286 7505, 7724 7943 8162 8381 8600 8819 9038 9257 9476 9695 9914 10133
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Zoom In Stack before Subtraction

LINESEQ 18 / CROSSLINE

4787 a984 5181 5575 5772 5363 8560 6757 5954 7348 7545, 7938
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W

= Multiples are better
attenuated with
simultaneous subtraction.
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Zoom In Stack after SRME Subtraction

LINESEQ 18 / CROSSLINE

4787 4984 5181 5575 5989 6168 5363 8560 6757 7348 7545, 7742 7938

= Multiples are better
attenuated with
simultaneous subtraction.
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Zoom In Stack after SRME & MWD Subtraction

LINESEQ 18 / CROSSLINE

4787 4984 5181 5378 5772 5969 6166 6363 6560 6757 7939 8530 8727 8924

m\}ﬁ A

X i

Y \

A Y
W R

= Multiples are better
attenuated with
simultaneous subtraction.
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Difference before — after SRME Subtraction

LINESEQ 18 / CROSSLINE
4787 4984 5181 5378 5575 5969 6166 6363 6560 7939 8136 8333 8530 8727 8924 9121
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Difference before — after SRME & MWD Subtraction

LINESEQ 18 / CROSSLINE

4984 5181 5378 5575 5772 5969 6166 6363 6560 7939 8136 8333 8530 8924 9121
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Zoom In Stack — SRME Model

LINESEQ 18 / CROSSLINE

4787 4984 5181 5575 5772 5969 6166 6363 7939 8136 8333 8530 8727 9121
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Zoom In Stack — MWD Model

LINESEQ 18 / CROSSLINE
4787 4984 5181 5378 5575 5772 5969 6166 6363 7939 8136 8530 8727 8924 9121
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Zoom In Stack before Subtraction

LINESEQ 18 / CROSSLINE

843 1039

2803 2098 3587 asss
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Multiples are better
attenuated with
simultaneous subtraction.

Primaries are protected by
simultaneous subtraction
flow.
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Zoom In Stack after SRME Subtraction

LINESEQ 18 / CROSSLINE

843 1039 4371 ass7 4783 assa

1627 s s 2803 2098 5108 3381
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= Multiples are better
attenuated with
simultaneous subtraction.

Primaries are protected by
simultaneous subtraction
flow.
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Zoom In Stack after SRME & MWD Subtraction

LINESEQ 18 / CROSSLINE

647 843 1039 1235 1431 1627 1823 2019 2215 2411 2607 2803 2999 3195 3391 3587 3783 3979 a175 4371 as67 4763 4959 5155

= Multiples are better
attenuated with
simultaneous subtraction.

Primaries are protected by
simultaneous subtraction
flow.
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Difference before — after SRME Subtraction

LINESEQ 18 / CROSSLINE

647 843 1039 1235 1431 1627 1823 2019 2215 2411 2607 2803 2999 3195 3391 3587 3783 3979 a175 4371 ase7 4763 4959
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Difference before — after SRME & MWD Subtraction

LINESEQ 18 / CROSSLINE

547 843 1039 1235 1431 1627 1823 2019 2215 2411 2607 2803 3195 3391 3587 3783 3979 a175 4371 as67 4763 4959
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Zoom In Stack — SRME Model

LINESEQ 18 / CROSSLINE

847 843 1039 1235 1431 1627 2019 2215 2411 2607 2803 2999 3195 3391 3587 3979 a175 4371 ase7 4763 4959
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Zoom In Stack — MWD Model

LINESEQ 18 / CROSSLINE

647 843 1039 1235 1431 1627 1823 2019 2215 2411 2607 2803 2999 3195 3587 3783 3979 a175 4371 as67 4959
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Seq 018

Stack
Common Channel
Shot Gathers

Lcce



Common Channel before Subtraction 72

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

v w6 W N Al sl 7 7oan v 16 W 7 7oan

Channel 100




Common Channel after SRME Subtraction

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

v W W ¥ Aw sl ws o oan o v W W ¥ Aw sl ws o oan

Channel 10 % Channel 100




Common Channel after SRME & MWD Subtraction

CABTR10 | NAVSHOT CABTR 100 /NAVSHOT

1 1 W ¥ Awm s w9 BN wa ws oy oan v W W ¥ Aw sl ws o oan

Channel 10 % Channel 100




Difference before — after SRME Subtraction

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

13 w8 W o 13 w8 W Ae am s e

Channel 10 Channel 100
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Difference before — after SRME & MWD Subtraction 76

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

13 16 W5 N7 AN A1 9 w5 BT n® Ml 7oan 13 w6 W 2 Al s a3

Channel 10 Channel 100
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Common Channel SRME Model 77

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

13 18w ws oy oan o v s W N oAl as ws oy oam

Channel 10 Channel 100
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Common Channel MWD Model

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

B3 W W ¥ Aw ws o oan o B3 W W ¥ Aw N ws o oan o

Channel 10 % Channel 100
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=== COMMOoOnN Channel before Subtraction

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

W1ooum U wS Ln W M ML 11 1 1 1 w1own wm oan am AL wn w1 AN an W1oumo U wS Ln o W M ML 11 1 1 1 W1own Wm oam am AL wn w1 AN an

Channel 100
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Common Channel after SRME Subtraction

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

W1ooumo U wS Bn W M1 ML 181 e ws W Wy WM Am W aAst a2 w1 an an W1oum U LS LN BN M ML 151 1l 10 mmo sl WS lu o @m0 ws asL a2 an an an

Channel 100

825
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Common Channel after SRME & MWD Subtraction

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

W1ooumo U wS Bn W M1 ML 181 e W WS Wy M Am W AL 2 Wl #n AN M1 s1 »n W1 um ous LS L WM M MsL 1Sl el 10 W@ LS. WS ln 1| A s asL 2 w1 AR An M1 su »n

825
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Difference before — after SRME Subtraction 82

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

W1 omm us WS LN BN W1 Ms 1Sl e 1 W@ ms w1 mu 1w 21 @ BAn M B0 BN W1oum U LS B BN M1 MsL 151 e 10 wm o sl W1 Wy 1M Nm as NSl n»um w1l AR an M1 su »n

Channel 100
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Difference before — after SRME & MWD Subtraction 83

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

W1omumo ms ws Bn BN M1 ML 151 1 1en wmo s us m . wn oaAn aAn M B0 W1oum U LS B WM M ML 1Sl 1l 1en mm o st W51 lu 1 am ws 2 21 @ An M B0 BN

Channel 10 - > : Channel 100
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Common Channel SRME Model

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

W1oum us LS LD W M M 151 1 0w st w1 lu W am 21 @ Bw M1 Bn W1ooumo us ws Bn W MW M 11 wmowms Wl mwu M am ast AL »m w1 AN am

Channel 10 : Channel 100
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Common Channel MWD Model

CABTR 10 | NAVSHOT CABTR 100 /NAVSHOT

W1oum U wS B BN M1 MsL 151 6N 1 wmo s w1l sy 1w 2n A Bm M1 Bn W1oum U LS B W M ML 1Sl 1 1 wm sl WSl lsu o @m0 am 2 2

Channel 10 ik Channel 100
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Seq 018

Stack
Common Channel
Shot Gathers

Lcce



Selected Shots before Subtraction

NAVSHOT / CABTR

© 2020 CGG

Simultaneous
subtraction flow with
MWD & SRME shows
benefits in surface
related multiples
removal and primaries
protection.

Far offset dipping
residual will be further
removed by “Radon”
and residual LNA
(Linear noise
attenuation).




Selected Shots after SRME Subtraction

NAVSHOT / CABTR

£99L g5 185 277 359 387 e 177 269 361 9% 4

Simultaneous
subtraction flow with
MWD & SRME shows
benefits in surface
related multiples
removal and primaries
protection.

Far offset dipping
residual will be further
removed by “Radon”
and residual LNA
(Linear noise
attenuation).

© 2020 CGG



Selected Shots after SRME & MWD Subtraction

© 2020 CGG

Simultaneous
subtraction flow with
MWD & SRME shows
benefits in surface
related multiples
removal and primaries
protection.

Far offset dipping
residual will be further
removed by “Radon”
and residual LNA
(Linear noise
attenuation).




Difference before - after SRME Subtraction

NAVSHOT / CABTR
$O0L 55 185 277 369 37 e 177 269 361 4951 5 169 261 3s3 4131 o 161 253 345 P21l

= Simultaneous
subtraction flow with
MWD & SRME shows
benefits in surface
related multiples
removal and primaries
protection.
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Difference before - after SRME & MWD Subtraction

387 e 177 269 361 9% 4 169 261 353 43131 o 161 253 345 437211 5 153 245 337 i

Simultaneous
subtraction flow with
MWD & SRME shows
benefits in surface
related multiples
removal and primaries
protection.
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Selected Shots SRME Model

NAVSHOT [ CABTR

& e 177 269 61 4931 5

Simultaneous
subtraction flow with
MWD & SRME shows
benefits in surface
related multiples
removal and primaries
protection.
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Selected Shots MWD Model

NAVSHOT / CABTR
891

387 e 177 269 361 A9 4

Simultaneous
subtraction flow with
MWD & SRME shows
benefits in surface
related multiples
removal and primaries
protection.
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= Summery

= Simultaneous subtraction is beneficial for multiple removal and
primary protection. It's recommended to apply for production.

© 2020 CGG

94



